Kinetic characterization of protein arginine deiminase 4: a transcriptional corepressor implicated in the onset and progression of rheumatoid arthritis.
Protein arginine deiminase 4 (PAD4) is a Ca(2+)-dependent enzyme that catalyzes the posttranslational conversion of arginine to citrulline (Arg --> Cit) in a number of proteins, including histones. While the gene encoding this enzyme has been implicated in the pathophysiology of rheumatoid arthritis (RA), little is known about its mechanism of catalysis, its in vivo role, or its role in the pathophysiology of RA; however, recent reports suggest that this enzyme can act as a transcriptional corepressor for the estrogen receptor. Herein, we report our initial kinetic and mechanistic characterization of human PAD4. Specifically, these studies confirm that PAD4 catalyzes the hydrolytic deimination of Arg residues to produce Cit and ammonia. The metal dependence of PAD4 has also been evaluated, and the results indicate that PAD4 activity is highly specific for calcium. Calcium activation of PAD4 catalysis exhibits positive cooperativity with K(0.5) values in the mid to high micromolar range. Evidence indicating that calcium binding causes a conformational change is also presented. Additionally, the steady-state kinetic parameters for a number of histone H4-based peptide substrates and benzoylated Arg derivatives have been determined. K(m) values for these compounds are in the high micromolar to the low millimolar range with k(cat) values ranging from 2.8 to 6.6 s(-)(1). The ability of PAD4 to catalyze the deimination of methylated Arg residues has also been evaluated, and the results indicate that these compounds are poor PAD4 substrates (V/K <or= 31.3 M(-)(1) s(-)(1)) in comparison to other substrates. These findings suggest that the full-length enzyme does not catalyze this reaction in vitro and possibly in vivo either. Collectively, the studies described herein will provide a firm foundation for the future development of PAD4 selective inhibitors.